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ABSTRACT 


Eighteen years of cone and seed yields from 179 30- to 
50-year-old western white pines (Pinus monttcola Dougl.) 
representative of 13 geographic localities were compared. 
Each tree averaged 28 cones per tree, and each cone con- 
tained about 104 filled seeds. However, not only was 
annual cone production highly variable, but geographic lo- 
calities and individual trees varied greatly in productivity 
within a given year. Recognition of these components of 
variation in cone production for western white pine can 
lead to maximal efficiency in cone collection. 
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Figure 1.--Map of northern Idaho illustrating the 13 
geographte localittes from which cones were collected 
and the number, average elevation, and average age of 


trees represented wtth 


tn each localtty. 


INTRODUCTION 


Forest managers normally recognize and anticipate 
periodicity im ‘cone production-of. forest trees. ° How- 
ever, variation in cone production among geographic 
localities and andividual trees within localities is 
larcely unexplored, for rarely are cones collected in 
consecutive years from the same trees’. 


In the course of breeding western white pine 
(Pinus montreola Dougi.) for resistance to blister 
rust (see Bingham, Olson, Becker, and others. 1969 
and earlier), 18 years of data on cone and seed yields 
of andiyidual trees from different geographic local-= 
ities have been accumulated. ‘The protection of cones 
durin’ development minimized losses due to insects 
and rodents; therefore, these data simulate the full 
reproductive potential of young trees in natural 
stands. Annual variation in cone production among 
geographic localities and andividual trees thus is 
represented im these data. This information 1s indis- 
pemsaple for practices of seed collection and. seed 
orchard management which rely on knowledge relating 
tomcene yields’ of individual trees and possibly on 
yields gerived from control led pollinations. 


MATERIALS AND METHODS 


During the’ years 1950 to 1967,. cone and seed 
yields were obtained from 179 30- to 50-year-old 
Western Witte panes." Trees’ were representative of 153 
geographic localities (figute 1) within which they 
varied in elevation by about 400 feet; within two lo- 
calities, however, trees differed in elevation by about 
LS0G "feet. 


Comparisons of yields between seed years, local- 
ities, and trees within localities were made on the 
basis of mean yield; statistical analyses were not 
attempted because yields for each maternal tree and 
locality were not available for each year. Criteria 
for including yields of individual trees in the basic 
data were: (1) five or more years of observation were 


available; and (2) observations were for consecutive 
or nearly, consecutive years: |) Polncespenioduer tian 
cone production of western white pine tends to follow 
3- and 4-year cycles,! yields for each tree were rep- 
resented: far nearly all Stages /or cyelie produceron: 
It is therefore assumed that minimal confounding is 
represented Wn thencdata. 


RESULTS AND DISCUSSION 
Yield of Cones 


At tree,ages .of 50 to S0:yeacs, annual production 
of cones averaged about 28 per veree. thus meammenar— 
acterizes cone production inadequately because yield 
is subject to an interaction of exogenous and endogen- 
ous factors. The interaction causes -tremendous Wasi 
tion in cone production among seed years, geographic 
localities, and maternal trees twathimi seach loca lays 


Within the 8-year period, meanmyteld of scones 
for- individual, seed years divttiered by sas much eas tos 
cones per tree (tablic gl) erin acta aGiie smc aienysic ldesare 
cones per trec\; in SuUcCceSSi Ne Seed. yeaGo science meC ml, 
as much as 34 cones. These differences in yield among 
seed years reflect a pernodicity an cone production 
which is documented elsewhere in greater detail.! 


Mean yield for geographic Jdocalitiues overvall 
years of obServation differed by,-as muchas 64 comes 
per tree (table 2). , However. the deonce vol idasieeenenee 
between localities depended ion the sced wed sahoE 
instance, in 1967 which was<a year of high mean yalela, 
localities differed by as much ase 76) cones per sence. 
but in 1956 when few cones were produced, maximum dif- 
ferences between localities, were only 0 iconesaner, 
tree. Thus, differences any teld anong glocal tires 
were’ €vident, especially in years ot thigh? yield be 
calities characterized by low cone yields, however, 
produced few cones even in favorable seed years. 


Ig. E. Rehfeldt, A. R. Stage, and R. T. Bangham: 
Time series analysis for production of female strobili 
in western white pine. Manuscript in preparation. 
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1970. Cone and seed yields in young western white pines. USDA 
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Eighteen years of cone and seed yields from 179 30- to 50-year-old 
western white pines (Pinus monticola Dougl.) representative of 13 
geographic localities were compared. Each tree averaged 28 cones 
per tree, and each cone contained about 104 filled seeds. However, 
not only was annual cone production highly variable, but geographic 
localities and individual trees varied greatly in productivity within a 
given year. Recognition of these components of variation in cone 
production for western white pine can lead to maximal efficiency in 
cone collection. 
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Cone yields also varied among individual trees 
within’ localatues: (table 2). » Differences; 1mcone: pro- 
duction of andiyvidual trees. within localities were 
directly proportienal to the effect of the seed year 
just as were differences’ in yieid among localities. 
Moreover, differences in cone yield per year among 
individual trees depended on the overall yield of the 
locality... Although cone production by trees in high- 
yielding localities differed by as much as 100 cones 
per tree for cach year, trees within localities of low 
mean yield showed little difference in production. 
Thus, each locality contained trees that characteris- 
tically produced few cones, even in good seed years; 
differences among localities apparently resulted from 
varying proportions of trees that produced large crops 
of cones in generally high-yielding years. 


O£ the exogenous factors that affect cone yield, 
the one that cannot be assessed at this time, due to 
lack of data, is the influence of microsites on the 
yield of trees within localities. However, other 
factors canbe assessed; tree age, elevation, and 
latitude can be related to mean cone yield by correla- 
tion analyses (table 3). Although unequal sampling 
and possible intercorrelations among age, elevation, 


Table 3.--Correlatton of tree age, tree elevation, and 
Locality latitude wtth cone yteld of: tndtvidual 
trees; trees withtn localities; and localities 


iree Locality 
Cone yield Tree age elevation latitude d.f. 
----Correlatton coeffictent, r---- 


Individual trees Oe s57 = Ce Bi —— jae 
Trees within local- 

itnes (pooled x) nao * -44%** -- 166 
Localities == -- {06* sll 


**Signiticant at the | percent level of. probability. 
*Sicniticame at the 5 percent level of probability. 


and latitude make interpretation difficult, cone yield 
per tree and locality appears weakly associated with 
tree age. and tree elevation .. Significance’ or thesan— 
dicated correlation between cone yield of localities 
and locality latitude is doubtful because values for 
Boulder Creek (highest latitude and high elevation) 
exert enough influence to inflate the correlation 
coefficrent: over they 5: pereent Wevellof sipnvireanecs 


Yield of Seeds Per Cone 


The average wind-pollinated cone yielded approxi- 
mately 104 filled seeds; thus, each tree produced 
nearly 3;000 filled ‘seed per year... However, yrctas 
of filled seeds per cone were positively associated 
with the yield of cones (+. —_.79, Siontitcant ar poe 
l percent level of probability). Mean yield of 1efled 
seeds per cone thus varied according to seed years 
(table 4), localities (table 5), and trées within 
localities (fable Ss), Ino fact 3 yields orrscces es 
cone ranged from 25, to 149 fer two trees i di prerere 
localities and in. different seed. years. 


Exogenous variables cannot entirely account for 
the tremendous variation in total number of filled seed 
per tree. Tree 212 near Cedars Guard Searven, aie seeee 
58 in the Crystal Creek area (see frptre 1) outwardiy 
were similar in terms of age, size, dominance, and 
local stand density (table 6). Although the cone yield 
of tree 212 was about, one-half that of tree Ss. the 
seed yield of 212 was less than one-fourth that of 58. 
Possible genetic’ control of theseltraits requires 
elucidation; their importance in seed orchards might 
betoreae. 


Yields From Wind-, Cross-, and 
Se/f-Pollinated Cones 


Statistical analyses (paired "'t'' tests) of balanced 
samples of filled seeds per cone (table 7) indicate 
that yields derived from self-pollinations were less 
(1 percent level of probability) than those of wind- 
or cross-pollinations; no differences were detected 
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between yields of the latter two groups. Lowered seed 
yields accompanying self-pollination in western white 
pine is well documented (Bingham and Squillace 19553 
Squillace and Bingham 1958; Barnes, Bingham and Squillace 
FIG) 


As noted previously (Bingham and Squillace 1955), 
the yield of total seeds (filled plus hollow) was essen- 
tially the same regardless of the type of pollination 
(table 7). The large proportion of hollow seeds that 
develop after self-pollination apparently result from 
embryo abortion because full-sized hollow seeds failed to 
develop following earlier failures in pollination, pollen 
tube growth, or fertilization in Pinus sylvestris L. 
(Sarvas: 1962) : 


Table 7.--Yield of filled and hollow seeds per cone from 
wind-, cross-, and self-polltnattons. Compart- 
sons are based on ytelds from trees on whtch 
observattons were avatlable tn the same seed 
years 


Comparisons Yield’ of ‘seeds; perm conc 


Trees Years seh lee 


Group observed observed Mies Filled Hollow Total 


A 28 9 Wind dele? L220) 123.2 
Cross LOZ. ae! 124m 
Self 60.9 Sa. 4 JE Romer 

B 40 igi Wind LOB ERS 7 115.8 
Cross 94.4 A beuS 15% 
Self —- -- —- 

G 141 12 Wind -—- -- ae 
Cross O5 .4 Bees LL ae- 
Self 5 NK: 58.6 110.4 
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Approximately one-third of all control=pollinated 
cones, whether cross-or self-pollinated; failed to 
reach Maeuritye, since losses Or cones due to insects, 
rodents, or breakage were known and minimal, losses 
of control-pollinated cones were almost entirely due 
to abortion of cones during development. Sarvas (1962) 
Suggested that conelet abortion in pines is associated 
with high ovule abortion rates accompanying poor polli- 
nation. Conelet abortion of pines also appears to be 
assOcrateq with soil moisture stresses during the period 
of conelet elongation in P. monttcola? and P. radiata 
D. Don (Pawsey 1960) . 


SUMMARY AND CONCLUSIONS 


Between the ages of 30 and 50, western white pines 
average 26 cones per year. Each cone’ contains. about 
104 filled seeds which means that each tree produces 
about 3,000 filled seeds; however, tremendous variations 
occur. Annual production of cones is highly variable. 
Also, within a. given seed year certain localities and 
individual trees within localities vary greatly in 
productivity. Of additional importance 1s the direct 
relacvonship between the proportion of filled seed 
aigwene size (Ot the cone crop. “Inereased efficiency 
in seed collection can be realized by avoidance of 
low -yietoGine localities, trees and seed years. Also, 
by collecting only in high-yieiding localities, cone and 
seed procurement can be maximized with a minimum of 
citone. -Ihis is particularily true when cone production 
1s generally low. 


fe is further noteworthy that: once techniques 
ave Wastered and proper timing is ascertained, yields 


derived from controlled pollinations of western white 
pine almost equal those of wind pollination. 


2Ibid. 
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Headquarters for the Intermountain Forest and 
Range Experiment Station are in Ogden, Utah. 
Field Research Work Units are maintained in: 


Boise, Idaho 

Bozeman, Montana (in cooperation with 
Montana State University ) 

Logan, Utah (in cooperation with Utah 
State University) 

Missoula, Montana (in cooperation with 
University of Montana) 

Moscow, Idaho (in cooperation with the 
University of Idaho) 

Provo, Utah (in cooperation with Brigham 
Young University) 
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